The majority of neuroimaging studies on pain focuses on the study of BOLD activations, and more rarely on deactivations. In this study, in a relatively large cohort of subjects (N = 61), we assess (a) the extent of brain activation and deactivation during the application of two different heat pain levels (HIGH and LOW) and (b) the relations between these two directions of fMRI signal change. Furthermore, in a subset of our subjects (N = 12), we assess (c) the functional connectivity of pain-activated or -deactivated regions during resting states. As previously observed, we find that pain stimuli induce intensity dependent (HIGH pain > LOW pain) fMRI signal increases across the pain matrix. Simultaneously, the noxious stimuli induce activity decreases in several brain regions, including some of the 'core structures' of the default network (DMN). In contrast to what we observe with the signal increases, the extent of deactivations is greater for LOW than HIGH pain stimuli. The functional dissociation between activated and deactivated networks is further supported by correlational and functional connectivity analyses. Our results illustrate the absence of a linear relationship between pain activations and deactivations, and therefore suggest that these brain signal changes underlie different aspects of the pain experience. Ó
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Introduction
Over the last two decades, neuroimaging experiments have substantially increased our knowledge of how the brain processes pain, both in health and disease [2, 36, 43, 44] . The vast majority of the studies published so far, however, predominantly focuses on brain activations, and tends to neglect brain deactivations (i.e., reductions in brain activity during exposure to painful stimuli). Nonetheless, some studies indicate that an investigation of deactivations might yield a fuller understanding of central pain processing. For instance, Iannetti and colleagues [19] observed that, during central sensitization, nociceptive stimulation was associated with stronger and more extended occipital, frontal and temporal cortex deactivations compared to stimulation in normal states, and that the anti-hyperalgesic effect of gabapentin (a drug effective in neuropathic pain patients) was more strongly associated with a reduction in pain-evoked deactivations, than on its effect on activations. Thus, this and other studies suggest that deactivations might have an important role in chronic pain.
Gusnard and Raichle [16] suggested that two main categories of task-induced reductions of brain activity can be observed in neuroimaging studies: dependent and independent from the nature of the task. The former may derive from mechanisms of cross-modal interaction which leads to the suppression, or 'gating', of information processing in areas that are not actively engaged in the performance of the task [11, 17, 20, 26] . Selective attention can in fact differentially modulate brain activity underlying different primary sensory modalities, such that the processing of the attended information is facilitated, while the input of unattended sensory modalities is filtered out [11, 17, 20] .
In addition to these task-specific reductions in regional brain activation, investigators have begun to realize that a very specific network of brain structures (medial prefrontal cortex (MPFC), posterior cingulate/retrosplenial cortex (PCC), inferior parietal lobule (IPL), lateral temporal cortex (LT) and hippocampal formation (HF) [4]) consistently displays task-induced activity reductions which are independent of the nature of the task [4, 32, 38, 41] . This so-called 'default mode network' (DMN) may be involved in internally directed cognitive activity ('internal mentation hypothesis') and/or broad monitoring of the external environment in the absence of attention-demanding stimuli ('sentinel hypothesis') [4] .
In the present study, we took advantage of a relatively large dataset of subjects we had previously scanned (N = 61) to systematically investigate fMRI signal increases and decreases during the application of two pain levels, and the correlations between the fMRI signal increase and decrease across different brain regions. In addition, we have also collected fMRI data during resting state 
